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DECLARATION UNDER 37 C.F.R. § 1.132 
BY CHIL-YONG KANG 



I 5 Chil-Yong Kang, a citizen of Canada, hereby declare as follows: 

1. I am presently a Professor of Virology at the University of Western Ontario, Canada. 

2. I have co-authored or authored over 130 publications and am a co-inventor of 4 issued 
U.S. patents in virology and vaccine development. 

3. I hold a Ph.D. in virology from McMaster University in Hamilton, Ontario, Canada. 



4. I am a co-inventor of U.S. Patent Application No. 09/762,294, filed April 2, 2002. 



B3123819.1 



5. I have read the present Office Action and understand that the Examiner has rejected 
claims 1, 6, 7, and 31-36 stating that "it would have been prima facie obvious to one having 
ordinary skill in the art at the time the invention was made to prepare recombinant HIV-1 viruses 
with modified signal sequences, as taught by Li, et al. (1994), and to further include a nef- 
deletion in the construct, as provided by Daniel, et al. (1992), since this would provide a 
recombinant virus that is replication-impaired and expressed to high quantities." 

6. The recombinant HIV-1 virus that is the subject of and claimed in U.S. Patent 
Application No. 09/762,294 is avirulent, essentially non-cytolytic and capable of highly efficient 
replication. It can be also be expressed to high quantities. These properties are disclosed 
throughout the specification. 

7. Attached as Exhibit A are the results of additional experiments performed to measure the 
viral production, infectivity and cytopathic effect of the NL4-3 WT , NL4-3 nef ", NL4-3 SSR and NL4- 
2$sR/nef- yj^ggg produced as described in Examples 5 and 6 of the specification of U.S. Patent 
Application No. 09/762,294. The data demonstrates that the signal sequence replaced (NL4- 
3 SSR ) and combination >ze/-deleted/signal sequence replaced (NL4-3 SSR//ie/ ) viruses are able to be 
produced in high quantities, exhibit substantially reduced infectivity, and exhibit very little sign 
of cytopathic effect despite active HIV replication. 

8. I am a co-author of Li, et al. (1994). This work shows only that the gpl20 gene can be 
expressed in a large quantities in insect cells and secreted efficiently if the wildtype signal 
sequence is replaced with a honeybee mellitin signal sequence or IL-3 signal sequence. It does 
not teach a recombinant HIV-1 virus, let alone a recombinant HIV-1 virus that is avirulent, is 
essentially non-cytolytic and capable of highly efficient replication. 

9. Daniel, et al. (1992) discloses a live attenuated SIV vaccine comprising a wef-deleted 
SIV. Daniel discloses that the wef-deleted SIV replicates poorly (see, for example, the Abstract). 
An accompanying paper to the Daniel reference, Science (1992) Dec 18;258(5090): 1880-1, 
attached as Exhibit B, underscores the point that the Daniel attenuated virus "doesn't replicate 
much" (page 1881, middle column). Further, Daniel does not describe large quantity SIV 
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production by w/deletion. Thus, combining the teaching of Daniel with that of Li would not 
produce a recombinant HTV-1 virus that is avirulent, essentially non-cytolytic and capable of 
highly efficient replication. Indeed, the article attached as Exhibit B cautions that SIV is 
different from HIV and that Daniel's monkey data may not apply to humans (page 1881, first 
column, second full paragraph). Thus, assuming one would even be motivated to apply the SIV 
vaccine techniques of Daniel in the context of HIV-1 in the light of such teaching, combining the 
teaching of Daniel with the teaching of Li would lead one to expect that at most deleting we/in 
HIV-1 would lead to a virus that replicates poorly. 

10. To my knowledge, no one has generated a recombinant HIV-1 that is avirulent, 
essentially non-cytolytic and capable of highly efficient replication by inserting and/or 
substituting its genomic sequence. We are the first to show that /^/-deletion, ^-deletion and 
glycoprotein signal sequence replacement in the HIV-1 genome produces a recombinant HTV-1 
that is able to be expressed in large quantities and that has the unexpected properties of being 
avirulent, essentially non-cytolytic and capable of highly efficient replication. 

11. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1 001 of Thle 1 8 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 




Date 
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Exhibit A 

Measurements of Viral Production 

A3.01 cells were initially seeded into 6-well plates at a density of lxlO 6 cells/well and 
transfected with lOjag of proviral DNA. At 3 days post transfection, and every 2 days following, 
cultures were harvested and cells split 1 :2 into fresh media without the addition of supplemental, 
uninfected cells. Harvested culture supernatants were pooled at each timepoint shown and 
analyzed for the presence of p24 by ELISA as indicator of virus production. Cells infected with 
either the NL4-3 WT or NL4-3 nef * virus showed maximum virus production at 13 days post 
transfection, however cells showed high levels of CPE and cell numbers declined rapidly with 

SSR 

cultures being discontinued by 17 days post transfection. Cells infected with either the NL4-3 
or NL4-3 nef ' /SSR viruses however, showed minimal CPE and remained persistently infected up to 
29 days post transfection, at which point cells did eventually succumb to virus-induced CPE and 
cultures were discontinued. NL4-3 WT or NL4-3 nef " virus cultures produced a maximum of lxlO 2 
jig p24 while NL4-3 SSR or NL4-3 nef ' /SSR viruses produced over lxlO 6 \ig p24 in a single harvest. 
Results shown in Figure 1. 



Measuring Infectivity 

Following transfection of proviral DNA, cells were split every 2 days and samples of the 
culture supernatant collected and analyzed by p24 ELISA in order to monitor viral replication. 
To assess the infectivity of virus particles being produced, samples were further analyzed by 
MAGI assay at 8 days post transfection in both A3. 01 and H9 cells, and the results standardized 
to represent the number of infectious viral particles present per ng of p24 protein. As shown 
above, the Env signal sequence replacement mutant (NL4-3 SSR ) and combination /ze/deleted/Env 
signal sequence replacement mutant (NL4-3 nef " /SSR ) both possess substantially reduced 
infectivity, with the replacement mutant being approximately 2-fold to 3-fold less infectious than 
wild-type virus (NL4-3 WT ), and the combination mutant exhibiting as much as a 50-fold decrease 
in infectivity as compared to the wild-type. Results shown in Figure 2. 



B3123819.1 



i 



Exhibit A 



Induction of Cytopathic Effect 

H9 cells were infected at a multiplicity of infection 3 with each of the viruses indicated. 
Infections were allowed to proceed with cultures being split 1 :2 every 2 days. At 6 days post 
infection, cells were examined by light microscopy and cytopathic effect (CPE) was observed. 
See Figure 3. As shown, H9 cells infected with either the NL4-3 WT or NL4-3 nef ~ virus (both of 
which contain the natural Env signal sequence) exhibited a rapid onset of CPE including cell 
death and formation of large syncitia (black arrows). In contrast, cells infected with either the 
NL4-3 SSR or NL4-3 nef_/SSR viruses (which contain the mellitin signal sequence in place of the 
natural Env signal sequence) showed very little sign of CPE despite active HIV replication (as 
measured by HIV-1 p24 ELISA; not shown). 
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FIGURE 1 
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Figure 1 depicts a graph showing that prolonged cell survival leads to increased virus yield in 
A3 .01 cells. Genetically modified HIV-1 clade B virus include NL4-3 nef ~, which contains a 
targeted deletion of the we/ gene, NL4-3 SSR , which has had the natural Env glycoprotein signal 
sequence replaced with the honeybee mellitin signal sequence, NL4-3 nef ~ /SSR , which contains a 
combination of both the nef deletion and signal sequence replacement mutations, and NL4-3 
which represents the parental, wild-type provirus. 
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Exhibit A 



FIGURE 2 



A3.01 Cells 




H9 Cells 




Figure 2 depicts the infectivity of HIV- 1 NL4-3 mutants in A3. 01 and H9 cells using the MAGI 
assay. Genetically modified HIV-1 clade B virus include NL4-3 nef \ which contains a targeted 
deletion of the we/gene, NL4-3 SSR , which has had the natural Env glycoprotein signal sequence 
replaced with the honeybee mellitin signal sequence, NL4-3 nef " /SSR , which contains a combination 
of both the nef deletion and signal sequence replacement mutations, and NL4-3 , which 
represents the parental, wild-type provirus. 
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Exhibit A 

FIGURE 3 




Figure 3 depicts the induction of cytopathic effect (syncytium formation) by HIV-1nu-3 in H9 
infected cells. Genetically modified HIV-1 clade B virus include NL4-3 nef \ which contains a 
targeted deletion of the nef gene, NL4-3 SSR , which has had the natural Env glycoprotein signal 

ncf /SSR • * 

sequence replaced with the honeybee mellitin signal sequence, NL4-3 " , which contains a 
combination of both the nef deletion and signal sequence replacement mutations, and NL4-3 
which represents the parental, wild-type provirus. 
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AIDS Vaccines: Is Older Better? 

Researchers once wrote off vaccines based on live, weakened virus as far too dangerous, but 
recent data are causing some to rethink the old-fashioned approach 



Scores of academic, government, and corpo- 
rate labs around the world have entered the 
race to find an effective vaccine to prevent 
AIDS. But most are backing the same horse: 
genetically engineered pieces of the AIDS vi- 
ms that they hope will be enough to trigger a 
protective immune response. In putting their 
bets on these engineered proteins, researchers 
have avoided the method used to develop hu- 
man vaccines against most other viral dis- 
eases—a weakened version of die entire virus. 
AIDS vaccine developers recognize the power 
of attenuated virus vaccines, but they fear that 
even a weakened version of the stealthy and 
cunning HIV could lead to ratal infection. 

A couple of recent developments have 
given researchers second thoughts, however, 
and some are now wondering whether they 
should hedge their bets. The 
first development is that the 
new-tangled, high-tech ap- 
proach isn't working well: 
Human and animal experi- 
ments have yielded precious 
little data suggesting that 
vaccines rriade of HIV pieces 
will provide protection 
against the virus itself. The 
second is that an experiment 
involving attenuated virus 
has produced some startling 
results. On page 1938 of this 
issue of Science ^Ronald 
Desrosiers and his colleagues 
at Harvard's New England 
Regional Primate Research 
Center report the longest-lasting, strongest 
protection yet achieved in any AIDS vac- 
cine experiment — using precisely that old- 
fashioned method. 

More than 2 years after vaccinating four 
rhesus monkeys once with a weakened form 
of SIV (a close simian relative of HIV), 
Desrosiers "challenged" them with a low-dose 
injection of full-strength virus — and all the 
monkeys resisted infection. What is more, 
the monkeys later resisted another challenge 
with a much higher dose* of SIV. "This is a 
significant advance," says Anthony Fauci, di- 
rector of the National Institute of Allergy 
and Infectious { Diseases (NIAID). Alan 
Schuitz, chief of the vaccine branch at 
NlAID*s Division of AIDS, adds that "this is 
three orders of magnitude better than any pro- 
tection we've seen." And Duke University's 
Dani Bolognesi calls the Desrosiers data "head 
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and shoulders above everything else " 

Desrosiers' findings don't mean that the 
AIDS vaccine community is about to switch 
horses and make attenuated HIV vaccines. 
Plenty of safety concerns remain, and it could 
turn out that the live, attenuated approach 
does no more than provide cues for a safer 
vaccine based on engineered proteins. But in a 
cnicial field, where the outlook has been 
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Delete key. Deleting part of the genome of 
viruses that cause AIDS (deletions In red 
above) forms the basis of a vaccine strategy 
that has protected monkeys from infection. 



gloomy, Desrosiers' 
results could provide 
hope, especially if his 
vaccine works in more 
rigorous trials. 

Like all vaccines, 
one .made from an at- 
tenuated live virus is de- 
signed to "fool the im- 
mune system into react- 
ing as if it were meeting 
the actual* disease-causing organism. If the 
mock struggle works, the immune system will 
be primed to defeat the real enemy. What 
distinguishes the live viral vaccine from other 
approaches is that rather than simply pre- 
senting viral components, it actually causes 
infection. The virus replicates in the body, 
repeatedly providing a range of different pro- 
teins for the immune system to attack. 

In contrast, the genetically engineered 
AIDS vaccines under commercial develop- 
ment typically consist of only a single HIV 
surface protein — most companies are focus- 
ing on a protein called gp!20 or one called 
gpl60. When mixed with enhancing chemi- 
cals, these single proteins can, in theory, prime 
the immune system without causing infec- 
tion. To date, however, only one monkey 
experiment has had solid success with a re- 
combinant protein SIV vaccine (Science, 24 
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January, p. 456), although a handful of vac- 
cines containing recombinant HIV proteins 
have shown promise in chimpanzee tests. 

Desrosiers himself tried — and tailed — with 
the recombinant protein approach. He also 
had only marginal success with the so-called 
whole, killed virus method, in which a ge- 
netically inactivated version of the entire 
virus is used. Aside from the tact that the 
results from whole, killed 
SIV vaccine experiments 
have been difficult to sort 
out (see sidebar), many 
researchers dismiss this 
approach, too, for safety 
reasons, noting that if any 
genetic material remains 
intact, the vaccine could 
cause AIDS. 

Desrosiers stumbled 
onto the live, attenuated 
approach while studying 
the mechanism by which 
the AIDS virus wreaks its 
damage. In that work, he 
had constructed a clone of a highly virulent 
SIV strain that did not include a viral gene 
called ne/. Three years ago, he gave six rhesus 
monkeys an injection of this nef -deleted SIV 
to see how the deletion affected the course of 
the disease and simultaneously gave another 
group unaltered SIV. While the monkeys that 
got the natural virus began dying of AIDS, 
the six who received the nef-deleted strain 
remained healthy. 

Apparently, the nef deletion liad somehow 
rendered the virus harmless. If that was the 
case, Desrosiers wondered, could he have in- 
advertently created a vaccine? To find out, he 
challenged four of the "vaccinated" monkeys 
and four control animals with a small dose of 
infectious SIV. Within 36 weeks, the four con- 
trols were dead or sick, whereas the four primed 
with the nef-mutant strain remained healthy. 
The strain of virus used for the challenge 
couldn't be detected in the monkeys' blood, 
even with ultrasensitive tests, indicating that 
they had managed to resist infection. 

Desrosiers had shown that the inoculated 
animals could resist a relatively low dose of 
SIV, but could they fight off a serious chal- 
lenge? The answer, so far, appears to be yes. 
Desrosiers injected the monkeys with a huge 
dose of infectious SIV, and after 18 weeks 
these animals show no evidence of infection. 
Virologist Muthiah Daniel, first author of 



the Science paper, cautions that "we're many 
years away before this can be used in hu- 
mans," but Daniel says researchers should 
think seriously about this approach— because 
there isn't much choice. 'The recombinant 
vaccines" he predicts, "are not going to work." 
Murray Gardner, a prominent monkey re- 
searcher at the University of California, Davis, 
who calls the new data "striking," is also pes- 
simistic about vaccines made from one ge- 
netically engineered viral protein. "To think 
chat a simple, recombinant protein can do 
the job is foolish,", he says, because single 
proteins can't induce the full immune re- 
sponse needed to fight off a virus. Gardner 
has also been swayed by encouraging resulcs 
obtained by his colleague Marta Marthas, 
using her own attenuated SIV vaccine. 

The companies pursuing recombinant or 
chemically synthesized candidate vaccines 
(including Chiron, Genentech, Micro- 
GeneSys, Immuno, Viral Technologies, and 
Pasteur Meneux) obviously disagree with 
Gardner and Daniel. Yet the companies do 
stand to gain from the attenuated experi- 
ments, because they could provide crucial 
indications of how the immune system can 
prevent HIV infection. In that regard, as 
Duke's Bolognesi says, "so far, we've been 
flying without a compass.'' 
r^Philiip Berman of Genentech hopes to* 
/apply lessons learned from the attenuated 
I vaccine. But Berman cautions that SIV is 
I different from HIV and that monkey data 
I may not apply to humans. "SIV grows fast 
and intense' in rhesus, where HIV is slow ancr 
smoldering in man," says Berman. And he 
also thinks there's strong evidence that a 
specific portion of gpl 20. called the V3 loop 
can trigger production of antibodies that 
can stop HIV. 'The data's very good that 
you can protect chimpanzees from infection 
with antibodies to rjie V.3 loop" he says. 

Desrosiers says he hopes a recombinant 
vaccine or some other obviously safe method 
will prove effective. But he says: "Our backs 
are getting to, the wall in a dramatic and 
dangerous situation. We need to be ready to 
accept some radical approaches." Before the 
live, attenuated approach could be seriously 
considered for use in humans, however, at 
least three safety concerns would have to be 
dealt with. First, the AIDS virus in an at- 
tenuated vaccine could revert to a virulent 
state. Second, even if it didn't cause AIDS, 
the vaccine might cause cancer. And a virus 
that initially looks safe might, decades later, 
turn out to cause disease. * 

Desrosiers has. thought about all three 
concerns. Because the virus requires certain 
genetic elements to cause disease, he says, he 
is confident that if you remove enough of the 
viral genome, it would be practically impos- 
sible for an attenuated virus to revert to viru- 
lence; he is now testing mutants with up to 
five genetic deletions. As for a vaccine caus- 




Explaining Puzzling Vaccine Results 

A letter published in Nature last year by James Stott of England's National Institute 
for Biological Standards a^dCoht^l didn't ftil ey eri bne page-^-but it stood the AIDS 
vaccine world on its head. Stott described how his group had, as a control to a monkey 
vaccine experiment; injected four animals with human white blood cells. When the 
animals were "challenged" with virulent SIV (a monkey version 6f. the AIDS virus) 
two failed to become infected, suggesting that somerJitng jn^ 
the monkeys. That worried re- 



searchers because human white 
blood cells:are usetf to culture SIV ; 
and they have been used in many 
monkey vaccine trials— -possibly 
skewing the results. In thk issue of 
Science (page;: 1935), a team led by 
Larry Ai^thur of Prbgrarjn Resources; 
'Incv, a .contractor with /the Nit*: 
tional Cancer Institute, helps ex* 
plain Store's findings; Bu£j^new 
results also show ] ust ho^wily tite : 
AIDS virus is in evading; tteim^ 



"best iri monkey. expert 

U dienUc^OT safety cor* 

c*ms about thfe merited {iBny: 

could cause AIDS), thefMu^rM^ was heartferttd wheft this 

■^ho1e,.killed^ Stores letter tjkrew^mto 

question the validi^ kUJed SIV vaccines; Were 

die iimhurieirespohses stteuiate^^-^ art attifactr . 

••Stott a^ his ^ 

grows in cells aiidbu&rix^^ picking up Cellular proteins ir) the 

process. Sibtfs study suggested tW.^ these cellulat : jiioteuis^ 

to. the SIV proteins—were the key^to protection, fiow Arthur sr^lb out just::What 
thc^ cellular prWins ^ 

Ar&ur tc«kputified HIV. andSIV and separated but tke cellular proteins, which 
include irnmurte-fiwtem molecules called £2; microglobulin (pZro| ar^ DR. 
Strikir^lyrtiieV-fourid more ^ 

gpl20, Arthur also showed that concoctions ofjcc^Centrated axitir>o^iifsicvp2m a:nd : 
HLA ER caii block HIV and SIV infection in trie test nibei. sorting Stbtt's hypoth- 
esis, Arthur now intends Co test ah SIV vaccine made from cellular proteihs : alone. 
; Michael . MOrphey-ttrb^f ^ Tulane : Re^onal Primate Research Center.sjys 
that while cellular proteins explain some of ihe protection seen with whole, killed 
SIV vaixme^ researcliers stipule) nbt A write off the approach. ?This whole:inactivated 
vaccine worked too* well not to be real," says Mutphey-Qotb, who is investigating 
other explanation^ for the Stott experiment; \ 



ing cancer, Robert Gallo of the National Can- 
cer Institute argues that HIV is implicated in B 
cell lymphomas and Kaposi's sarcoma. But 
Desrosiers counters that the causal link isn't 
clear, and that, in any case, these cancers seem 
to be dependent on HIV replicating, a nd his 
at tenuated virus doesn't replicate mu ch. 

Long-term safety concerns, however, are 
worrisome, concedes Desrosiers. "It will take 
10 or 15 years of safety testing before we can 
be comfortable putting this into thousands of 
people." Which is why he thinks the process 
ought to begin soon. He's about to begin 
chimp trials of triple and quadruple deletion 
mutants. If those preparations prove safe and 
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give hints of efficacy, he believes tests should 
begin in a small number of human volunteers 
at high risk of HIV infection. 

That's not a thrilling prospect, all involved 
concede. Yet some researchers believe it's 
time to rethink things. Patricia Fultt of the 
University of Alabama, Birmingham, who 
has tested AIDS vaccines in chimps and 
monkeys, says that 5 years ago she ruled out 
live vaccines. Now, she says, w we may be forced 
to use this as the only method that appears to 
have an impact." Which highlights the fact 
that, as in all AIDS research, the choices are 
between rocks and hard places. 

-Jon Cohen 
1B81 
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